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Abstract— Haptic sensations are a crucial aspect of everyday 
interaction. We touch, lift, move, and probe objects in our 
everyday activities. However, whilst the importance of haptic 
feedback has often been emphasized in gaming, haptics has been 
rarely used to enhance the experience in traditional (non-digital) 
games. In the last 50 years, technological advancement has 
allowed an easier access to haptic feedback. Digital games have 
exploited such access mainly (1) to enhance visual and acoustic 
feedback, and (2) to reproduce realistic feedbacks in augmented 
and virtual environments. Here, we re-think haptic feedback by 
focusing on game augmentation to enrich the gaming experience 
and gameplay in non-technological games. We describe the 
design process that led us to define the concept of “haptic rules” 
as haptic-based enhancement in interference play, where haptic 
feedback is delivered by users to users within the game as a 
further mode of interaction. We apply the idea of haptic rules to 
the game of foosball, evaluating the effect on the gameplay and 
user experience. 
I. INTRODUCTION 
In recent years, haptic interaction has been introduced in a 
great variety of games (for an inclusive list of examples see 
[1], [2]). The introduction of haptic interaction, when properly 
designed, has been reported to increase the likeability of the 
game and the involvement of the users (e.g., [3], [4]). In fact, 
industries in the gaming sector are increasingly investing in 
research for new and engaging forms of haptic interaction 
(e.g., [5]). However, the gaming and entertainment industry 
has focused mainly on providing haptic interaction in video 
games and media (i.e., movies, music), to include more 
pervasive sensory information in users' experiences (i.e., [6-
9]). In most of these implementations, the delivery of haptic 
stimuli is dependent on the sensory feedback provided by other 
sensory modalities. More precisely, to date, haptic feedback 
has been mainly used (1) to mimic real life interaction where 
a feeling of contact is not possible (i.e., Virtual Reality) ([10], 
[11]) or (2) to add strength to existing sensory signals (visual 
and acoustic feedback), often, but not solely, delivering 
vibrational patterns to users (for a summary see [12-14]). A 
good example of the use of haptic technology that falls in both 
these categories is provided by Israr et al. [15], [16]. The 
presented technology delivers haptic sensations related to a 
visual feedback (energy sphere), both mimicking the sensation 
of touching an inexistent stimulus and delivering vibrations 
enhancing the characteristics of the stimulus itself.  
Rather than enhancing feedback from different sensory 
modalities, in this paper we describe the design process that 
led us to conceive a different use of haptic feedback in what is 
called interference play (gaming experience where interaction 
between players is shaped in the form of 
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collaboration/opposition ([17], [18])). Particularly, we present 
a case study where we augment a traditional foosball game by 
enhancing the game’s haptic interaction through the 
introduction of haptic rules. We implement such rules to give 
users the possibility to vary the haptic feedback due to the 
interaction with the foosball during the game, by changing the 
friction of the opponents' rods when certain targets are hit.  
The core idea behind the haptic rules is to provide the users 
with the means to directly modify the haptic feedback already 
present in the physical game. In fact, the haptic sensory 
modality is clearly involved in all the traditional, non-digital 
games. We receive tactile and kinesthetic sensations when 
playing cards, interact with a tennis racket, play football and 
so on. In these examples, haptic sensations are intrinsic in the 
interaction with physical objects. In our work, we hypothesize 
that further haptic stimulation, related to the one to the haptic 
feedbacks arising from the physical interaction with the game, 
can be incorporated within the rules of non-digital games, 
providing a new type of gaming experience and enhancing the 
involvement of users in the gameplay. Here, we selected 
foosball as our case study. The reasons for choosing foosball 
were mainly its popularity, simplicity, and the fact that it offers 
obvious haptic feedback from the interaction with the rods. 
Such interaction can be easily modified without the use of 
complicated technology.  
In sum, this paper represents an original attempt to: (1) 
redefine traditional game experiences through the introduction 
of new haptic rules and (2) identify design opportunities for 
stimulating richer gaming experiences through sensory 
enhancement, which in our use case is haptic feedbacks, but 
does not need to be limited to that modality. 
II. GAME AUGMENTATION 
The joy and excitement of interacting with the physical 
world, typical of traditional, physical games, cannot be easily 
replicated or simulated in a computerized gaming environment 
[19], [20]. For this reason, research in human-computer 
interaction is increasingly integrating physicality in game 
design rather than discarding it in favor of a purely digital 
gaming environment. The augmentation of physical games is 
often achieved through visual and acoustic sensory 
enhancements (e.g., [20], [21]), and virtual and augmented 
reality [22].  
“Augmented games”, as well as “pervasive games” and 
“exertion games” are all examples of such enhancements. Ishii 
et al. [20], for instance, investigated the augmentation of a ping 
pong table by adding digital layers of graphics and sound. In 
their game augmentation, the authors created seven different 
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game modalities, each with a different set of rules and goals 
for the users to achieve. Also, Altimira and colleagues [23] 
used visual augmentation to modify the game of table tennis. 
In this case, the authors modified the field size during the game 
[23]. Jebada et al. [22] focused instead on enhancing billiard 
playing through augmented reality and wearable computing. 
More recently, Kajastila and colleagues [21] used a projector 
to deliver visual stimuli to users climbing and bouldering in an 
indoor gym. In this case, different games were created around 
such feedback, enhancing the experience and the performance 
of the climbers. Pervasive games are another example of 
games that offer additional engaging sensory feedback to 
users, particularly among augmented reality (e.g., [24], [25]) 
and augmented tabletop games [26]. Finally, what have been 
called “exertion games” [27] also strongly relate to the 
augmentation of physical games. In exertion games, the 
gameplay is enhanced by paying attention to different aspects 
of the interaction between users, such as their social dynamics, 
the pain, and their exertion trajectories [28]. 
Although the above-mentioned works are related to the 
concept of haptic rules proposed in this paper, it is worth 
considering the differences between our approach and the 
aforementioned examples. Introducing haptic rules aims to 
augment a physical game through technology. However such 
augmentation 1) does not change the purpose of the game (as 
instead happens in ([20], [21]) nor 2) adds any information or 
tips about the gameplay (as in the case of [22]). Furthermore, 
in our implementation 3) we do not add a new layer of sensory 
stimulation (as in, e.g., [12]), but rather modify an existing 
stimulus arising from the physical interaction with the game. 
III. ENHANCING THE USER’S EXPERIENCE 
The ultimate aim of augmenting a game is to enhance the 
user’s experience in the gameplay. Here we describe the 
process we followed in designing haptic rules based on the 
foosball case study. Figure 1 shows the six main steps in the 
process, adapted from [29].  
Figure 1: Design process to establish the haptic rules (adapted from [29]). 
 
In the first step, “game selection”, the game in which to 
implement the rules is selected. Subsequently, the interaction 
between users and the selected game is investigated, in order 
to identify the relevant haptic interactions. When the most 
relevant haptic interaction is clear, a first set of rules is 
proposed. Rules are expected to have an effect on user’s 
haptic interaction. In the next step, the set of rules is 
confronted with design guidelines and benchmarks on game 
design from literature (e.g., [30]). Rules feasibility is also 
considered from an engineering standpoint. If the rules 
contradict good design practice or are not feasible, a new set 
of rules is proposed (iteration to step 3). The process 
continues until a polished and applicable set of rules is 
available. In a final step, a prototype of the augmented game 
is built and tested in order to validate the effect of the 
augmented game on the gaming experience and gameplay. 
IV. THE HAPTICALLY AUGMENTED FOOSBALL 
We investigated the interaction between users and the 
game by interviewing 10 frequent players (playing at least 
once a week, mean age 30.24 ± 2.14) on their gaming 
experience. Unsurprisingly, the most relevant haptic 
interaction resulted to be the manipulation of the table rods by 
the users. A set of rules was therefore proposed during a 
brainstorming session. Particularly, 2 rules were proposed, 
both impacting on the user’s interaction with the rods. The 
rules were subsequently assessed in terms of feasibility 
(engineering constraints) and expected effect on the gameplay. 
On the latter, particular attention was posed to guidelines 
expressed in [30] and [31] for effective game design (e.g., 
Players should receive simple and efficient access to 
information. Feedback should be immediate and continuous). 
One rule (the rod’s friction augment depending on the position 
of the ball on the field”) was discarded as it required accurate 
tracking of the ball on the field. The remaining rule (“rod’s 
friction can be altered hitting targets on the side of the goal”) 
was iteratively modified and divided in three different rules. 
Sections A and B describe, respectively, the final haptic rules 
and the implementation of the augmented foosball.   
A. The Game 
The two main rules of traditional foosball (at a non-
professional level) are: (1) score more goals than the opponent 
(usually for a maximum of six or ten goals) (2) without 
spinning the rods (more than 360 deg.). Those rules were kept 
consistent in our augmented version of the foosball game and 
extended with new haptic rules. We have chosen foosball as a 
target game to investigate sensory enhanced gaming 
experiences because it naturally enhances the already 
physically engaging gameplay. We designed a modified 
foosball table Figure 2, Figure 3) that enabled the enhancement 
of the game with new haptic rules. The haptic rules were 
defined as follows: 
 When the plate on the right side of the opponent's goal 
is hit, the friction on the opponent's rod will increase, 
therefore constraining the opponents' movements, 
making harder for them to move the players. 
 When the plate on the left side of the opponent's goal 
is hit, any friction previously applied on the own 
team's rod will be released. 
 After each goal, any friction active at that moment will 
be released for both teams. 
B. Game adjustment and implementation 
We used four piezoelectric sensors (RVFM ABT-441-RC) 
at the back of each of the 2 metal plates (8cm X 22cm) on the 
right and left side of the playing field. The plates were 
coloured either green or red. The sensors were used to detect 
hits on the plates. Impact with sufficient force (0.33N), the red 
metal plate on the right side of the opponents' goal activated 
  
mechanical clamps installed on the opponents' rods, which 
exerted friction that in turn restricted the users' movements. 
Conversely, hitting the green metal plate on the left side 
allowed the users to release the friction and their own rods and 
regain full control. Hitting the red plate also triggered on a 
LED light located in the goal hole to provide visual feedback 
on the activated block.  
Figure 2: The goal of the haptically augmented foosball. On the side of the 
goal, it is possible to see the sensorized plates. Hitting the red plate blocks the 
opponents' rods, hitting the green plate releases the friction previously applied 
on one' s own team. 
 
The U-shaped clamps were manufactured using 12mm 
clear acrylic. A linear actuator was attached (Crouzet Mfr. Part 
No.80 910 002) to the clamps in order to produce a vertical 
displacement (4 mm) by pivoting on the edge of the foosball 
table. PVC rubber in the inner rod hole provided friction 
against the rod. Once the clamps were activated, the users had 
to apply X N/mm linear force to move the rods or wait for 
release. Sensor readings and stepper activation were controlled 
via open loop control (running on an Arduino Leonardo Board 
with 4xL293D H-bridges). 
Figure 3: One of the acrylic clamps used to increase the friction on the users' 
rods. The clamp has a linear actuator installed on the top connected with a 
screw. Hitting the red plate sends signals to the actuator, which causes the 
screw to pull the clamp upwards, making harder to move the rods. 
 
V. USER STUDY 
To assess the effect of the haptic rules on the users' 
experience and engagement in the gameplay, we designed a 
within-subject experiment where two conditions: traditional 
and augmented foosball game, were compared. Users played 
in a team against two experimenters. The experimenters tried 
to adjust their gameplay to the users' prowess in the game by 
never exceeding 2 goals of difference from the opponents.  
Please note that the experimenters were effectively 
“actors” in the game to ensure all users to be exposed to the 
same conditions and minimize variability. We wanted the 
ratings of the users not to be biased by their interaction with 
their opponent, which would have been the case when the 
opponent was too good or too bad. By keeping the opponent 
constant, and able to adapt the game depending on the user, we 
believe we were able to rule out such component from our 
results.  
A. Study setup and procedure 
In our user study, users were invited to play two matches. 
In condition 1, users played following the traditional foosball 
game rules, with not modified haptic feedback. In condition 
2, users played the game with the additional haptic rules, the 
actuators and the sensor plates turned on. The order of the 
conditions (with or without haptic rules) was randomized and 
counterbalanced across pairs of users. Each match terminated 
after 10 minutes (a timer was set at the beginning of each 
match) or earlier if one team reached 10 goals (maximum per 
match).  
The foosball table was set up in a dedicated room that 
allowed for enough movement around the table as well as a 
comfortable atmosphere for playing the game. After signing 
the informed consent, users were instructed about the rules of 
the augmented foosball. Additionally, the rules were printed 
on a sign next to the foosball table and explained at the 
beginning of the session. Each game started with a three 
minutes' warm-up session to familiarize the users with the 
foosball table (traditional and augmented). The session also 
allowed the experimenters to adapt their gameplay to the 
users' skills level. At the start of the first match, users were 
asked to choose their preferred position on the table (attack or 
defend user in their team) and keep this position for the rest 
of the experiment in both conditions.  
B. Users 
In total, we recruited 16 users (28.4±4.14 mean age, 12 
males). The experiment lasted on average 45 minutes. Users 
were recruited from the local University through printed and 
electronic advertisements on notice boards. We recruited 
users in pairs. The same pair experimenters (both males) 
played against each team of users.  
C. Gameplay logging 
Behavioral data were recorded during the experiment. In 
particular, all the main events of the gameplay were logged 
for each team (white and black team): 
 Scoring a goal 
 Blocking the opponent 
 Releasing the block from the opponent 
 
The duration of each match and the gap between each event 
were also recorded. This allowed us to extract important 
information concerning the gameplay and the behavior of the 
users during the game. Moreover, each game was video 
recorded in order to achieve a better understanding of the 
logged events. 
D. Questionnaire on the foosball matches 
After each match, users completed a questionnaire that 
included the outcome of the game (if they won or lost) and six 
statements on the experience of the game. users were asked to 
rate how much they agreed or disagreed with the following 
statements on a scale from 0 (not agree at all) to 7 (completely 
  
agree): Q1: I enjoyed playing; Q2: I felt connected with my 
teammate; Q3: I felt connected with my opponents; Q4: It was 
a stimulating experience; Q5: It was an interesting 
experience; Q6: It was a frustrating experience. 
VI. RESULTS 
We analyzed all the data for each team (i.e., gameplay) and 
individually for each user (i.e., ratings). The data analysis of 
the questionnaire ratings and gameplay analysis and graphics 
were performed using the statistical software R.  
A. Gameplay logging 
By recording the main events during each match, we were 
able to assess differences in the gameplay between the haptic 
rules and the control condition. In general, matches played 
following the haptic rules lasted longer (8.7 ± 1.2 minutes) 
than matches played with the traditional foosball (7.23 ± 1.61 
minutes). We ran a non-parametric version of paired t-test 
(Wilcoxon test) to assess whether the difference was 
statistically significant, with negative results (W = 14, p = 
0.06). No differences were found in the number of goals 
scored by each team (W = 44.5, p = 0.19). In our analysis, we 
also compared the number of times each plate was hit in each 
condition by each team. Chi-squared test was computed on 
the number of time each plate was hit in each condition. 
Results showed that the number of time a plate was hit 
strongly depended on the condition (chi-squared = 13.44, df 
= 3, p-value < 0.01) (4, 1). However, it is worth to consider 
that the gameplay from the pair of experimenters was likely 
to be biased by their knowledge of the purpose of the study, 
as well as by the attempt of self-imposing the restriction to 
not exceed the 2 goals difference. We therefore repeated the 
analysis on the number of hits by excluding the plates hit by 
the experimenters' team. In this case, results showed no 
significant difference between the two conditions (chi-
squared = 0.34, df = 1, p-value = 0.55). 
TABLE I 
 
Hits 
Up-left 
Bottom-
Right 
Top-
Right 
Bottom-Left 
Control 29 54 47 41 
Haptic 60 41 38 39 
Table 1: Overview of the number of hits on each corner plate for control 
(traditional foosball) and haptic (augmented foosball) condition. 
Figure 4. Representation of the number of hits for each plate of the foosball 
for control (traditional foosball in light blue) and haptic rules conditions. The 
radius of each circle is proportional to the number of hits. 
 
B. Questionnaire on the foosball matches 
To directly assess the experience of the users, we analyzed 
their responses to the questionnaire described earlier. Table 2 
summarizes the mean and standard deviation for each item of 
the questionnaire in both conditions. To assess whether those 
differences were statistically significant we run a Wilcoxon 
test for each item of the questionnaire. The analysis shows a 
statistically significant difference between conditions for 4 
questions out of 6 (Q2 to Q6, p < 0.05 in all cases). Q1 (• I 
enjoyed playing', p = 0.47), and Q6 ('It was a frustrating 
experience', p = 0.31) did not show statistically significant 
differences between conditions 5.   
Finally, we examined the correlation between the expertise 
reported by the users and the ratings for each question, under 
the hypothesis that skilled users could go through a different 
experience than beginners. The level of expertise was based 
on preliminary questions asked before matches, i.e.: how 
often they played and how good they and their friends 
considered them to be (from 1 to 7 on a Likert scale). Results 
for these correlations were however negative, showing the 
highest correlation coefficient as -0.2, not significant (p = 
0.4). Furthermore, ratings from users playing in the attack 
position did not differ from those of users playing in defense 
in the control condition. However, in the augmented 
condition, defenders generally found the experience 
significantly more stimulating than attackers (Wilcoxon test, 
p<0.05). 
TABLE II 
Questionnaires results 
Question Control Haptic 
Q1 5.6±0.8 5.4±0.7 
Q2 5.1±1 6.1±0.6 
Q3 4.6±1.3 5.3±0.9 
Q4 5±1  6.3±0.7  
Q5 5.2±0.7  6.5±0.6  
Q6 2.6±1.2  3.4±1.8  
Table 2: Mean and standard deviation for the 6 items of the questionnaire 
evaluating the experience of users after each condition (haptic control) and 
for each condition after a week time (haptic-post, control post). 
VII. DISCUSSION 
In the present work, we augmented the game of foosball by 
introducing haptic rules. We deﬁned haptic rules as a new 
layer of rules that regulate the haptic feedback arising from 
the physical interaction with the game. The process leading to 
the definitions of the haptic rules is shown in Figure 2. In this 
section, we discuss our finding on the effect of the haptic rules 
on users’ experience and gameplay. 
A. Feeling connected 
Users signiﬁcantly reported feeling more connected with their 
teammate and their opponents (Q2 and Q3). This effect is 
likely to be due to mechanisms such as shared reward, shared 
punishment, and empathy [32]. When users were blocked 
alongside their teammates, they both shared the same negative 
  
experience (punishment). When they were released, they 
shared the same positive experience (reward). We suppose 
that sharing rewards and punishments together with 
teammates led to stronger bonding. In the same way, seeing 
members of another group experiencing an unfavorable 
situation could have led to empathy.  
Figure 5. Pooled in ratings from each user (N=16) for each question in the 
control (traditional foosball) and haptic (augmented foosball) conditions. 
 
The questionnaire feedbacks shows that the augmented 
foosball was a more interesting and stimulating experience 
when compared with the traditional version of the game. 
Although these results seem to support the idea of an overall 
improvement of the gaming experience through the 
introduction of the haptic rules, it is worth noting that such 
higher values might be due to the novelty and surprise 
represented by the augmented foosball, as surprise has been 
shown to be a powerful factor in user experience [33]. 
Finally, Q1 and Q6 (enjoyment and frustration) did not differ 
between control and haptic conditions (that are: traditional 
and augmented foosball). This could be due to an effect of 
order in the presentation of the two conditions. Since the order 
of the condition was balanced across the 16 users, 4 of the 
eight matches happened to have the control condition ﬁrst. 
The traditional version of the foosball game itself is both 
engaging and enjoyable. Thus, we suppose that users rated it 
very high on the Likert scale when experiencing it first, 
therefore producing a ceiling effect [34]. Indeed, a Wilcoxon 
test showed that users experiencing the control condition ﬁrst, 
rated such condition significantly higher than users starting 
the experiment with the augmented foosball (p<0.05). 
Moreover, Wilcoxon test showed significant difference in Q1 
ratings for those cases in which the haptic version of the game 
was presented first (p<0.05). Enhancement in enjoyment 
during the game could be due to different causes. The surprise 
and the excitement of a new game could have played a role in 
the users’ ratings. However, it is likely that the sense of 
control generated by blocking the opponent could have been 
a driving factor in the users’ experience. In fact, the users 
taking part in our study were not particularly skilled users. 
Being able to gain control over a game in which otherwise 
they would have little prowess could have greatly improved 
the enjoyment of the game. Indeed, previous studies showed 
the importance that “feeling in control” of the game has in 
creating an enjoyable experience [35]. Altimira et al. [23] also 
showed that balancing the game based on the skill level of the 
user has a positive effect on the user’s engagement and 
experience. Finally, it is worth noticing that participants did 
not find the haptic version to be more frustrating than the 
control one. In this case, no effect of the presentation was 
shown (Wilcoxon test, p=0.23), supporting the idea that the 
haptic rules improved the game experience, or at least, did not 
spoil it. 
B. Effects on the gameplay 
Interestingly, no statistically signiﬁcant differences on the 
recorded gameplay events were found between the augmented 
and the control conditions. Such result is somewhat 
surprising, considering the differences in the reported 
experience, as well as the signiﬁcant change in the physical 
interaction with the game that was implicit in the augmented 
condition. Whereas the lack of statistical evidence might 
simply indicate that users did not approach the game 
differently in terms of strategy and game behavior, reports 
from users after the experiment pointed to the opposite 
direction. In fact, after the experiment, many users reported 
they aimed purposely for the block plates. We therefore think 
that the main reason behind the lack of statistical evidence can 
be related to the relatively low skills of the users taking part 
to the game. Future evaluations of the augmented foosball 
will need to be open to a higher number and a wider variety 
of users. To support the claim that participants aimed for the 
plate in the haptic condition (augmented foosball), and only 
hit the plate by mistake in the control one, we computed the 
probability of scoring after hitting the left side of the goal in 
both conditions, excluding the experimenters from the 
analysis. As expected, the probability of a goal after hitting 
the block plate raised considerably in the augmented 
condition (probability haptic 0.126, probability control 0.096, 
frequency haptic 24, frequency control 10). This evidence, if 
combined with the users’ feedback, allows us to support the 
idea of an effect of the haptic rules on the gameplay. 
However, there is an element of serendipity in hitting the 
plate, which requires further investigation in order to reach 
stronger evidence for this particular strategy in the gameplay. 
VIII. CONCLUSION 
In the present paper, we introduce what we called haptic rules, 
simple technological augmentations enabling users to control 
the experienced haptic feedback arising from the physical 
interaction with the game. Results from our case study 
showed that the haptic rules enhanced the users' experience 
with the game, also making people feel more connected with 
teammates and opponents.  
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